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© A method for producing small, spherical pofymer particle*. 

© the invention relates to a method of producing 
small spherical polymer particles from systems con- 
taining two liquid phases, the one phase of. which 
contains one or more dissolved substances and is 
dispersed In the town of small droplets in the other 
pnase to form an emulsion, whereafter the droplets 
converted to a solid form. According to the 
.•mention the liquid phases used are two mutually 
immiscible aqueous phases. 
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A method for producing small, spherical polymer particles 



The present invention relates to a method for 
producing small, spherical polymer particles from 
systems containing two liquid phases, the one 
phase of which contains one or more dissolved 
substances and is dispersed in the form of small 
droplets in the other phase to form an emulsion, 
whereafter the droplets are caused to solidify. 

A large number of methods of the above men- 
tioned type are known in the art The known meth- 
ods differ from one another mainly in applying 
different principles to convert the droplets to a solid 
(insoluble) form. 

For example. DE-EM 443 359 discloses a 
method in which the substance dissolved in the 
one phase comprises a polysaccharide ; and : the. 
droplets are .converted to a solid form fa©! form) by 
. adding a cross-Unking agent, thereby tp; form a 
} cross-Jinked polysaccharide, which predicates.! 

5 i In another known method; which is disclosed in 

U&Ar3 634 39. the dissolved substance used .is 
pne, the solubility of which is dependent on pH, 
t and precipitation (conversion of the droplets to 

|, < solid form is effected by changing the pH-vatue. 

i ■ • According to US*A*4 061 466, which discloses 

another known method of the aforesaid kind, the 
. olsslpved substances constitute the mdnomers of a 
polymerisation system and the conversion of the 
droplets to a solid form is effected by polymerising 
the monomers to form an insoluble polymer. 

In all of the knowrt/metrwds the one phase is 
an aqueous phase and the other phase comprises 
an organic solvent that is waterimrniscible. which 
results m certain drawbacks. 

For example, thsf handling of this kind of or- 
ganic solvehfc is not very desire from the as- 
pects of environmental care arid the welfare of the 
working personnel involved. In ntoy in stances the 
use for which the particulate product produced is 
Intended (e.g. therapeutical purposes) requires the 
product to be carefully purified in order to remove 
the last residues of solvent 

In other instances the produced particles, or 
biologically active molecules encapsulated in the 
particles or otherwise immobilized, may be damag- 
ed by the organic solvent 

Consequently, it is an object of this invention to 
provide a method of the aforesaid kind which is 
carried out with the use of a two-phase liquid 
system which is substantially less harmful than the 
two phase systems previously used and which 
i enables immobilized substances sensitive to or- 

j ganic solvents to be produced without damaging 

said substances. 



This object is achieved in accordance with the 
present invention by a method of the aforesaid kind 
which is characterized by using two mutually im- 
miscible aqueous phases as the liquid phases. 

s Systems comprising two or more mutually im- 
miscible aqueous phases have previously been 
used in the separation of macromolecular sub- 
stances, vide for example EP-B1-0 011 837 and 
US-A-3 897 414. 

io In aqueous two-phase systems of this kind, 
each phase normally has at least one polymer 
dissolved therein* Examples of such two-phase 
systems of polymeric aqueous solutions are: 
Dextran/ waiter-soluble copolymer of sucrose and 

* s epteMoro.rjydrin (Rcoll 0) / watery jcjaxtr^ri f hydrpx- ■ 
ypropyl dextran / water, ^ ftolyemytene- glycol 7 de^ ; 
tran sulphate / water, dextran / ^pdiyWiylentf glycol 
./ water, polypropylene glycol / methbxy polyethyl- 
ene .glycol / water, pol^ 

20 ylene glycol / water, polypropylene glycol /poly- 
vinyl alcohol / water, polypropylene glycol I poly- 
vinylpyrrolidone / water, polypropylene glycol 7 
hydroxypropyl dextran / water, pdiyrpropylene gly- 
col / dextran / water, polyethylene glycol / polyvinyl 

25 alcohol / water, polyethylene glycol / polyvinyl pyr- 
roHdone / water, polyethylene gtycdl FtcdU « 7 * 
water, polyethylene glycol / soluble starch / water,* 
polyethylene glycbl / glycogen / water, polyvinyl 
alcohol / methyl cellulose / water, polyvinyl alcohol 

so / hydroxypropyl dextran / water, polyvinyl alcohol f 
dBxtfan / water, polyvinylpyrrolidone / methylcel- 
lulose 1 water, polyvinylpyrrolidone / dextran / wa- 
ter, methylceiluiose /hydroxypropyl dextran / water, 
methytcellulose / dextran / water, and eihylhydrox- 

ss yethylcdllulos*/^ 

Other groups of aqueous two-phase liquid sys- 
tems are: At least one polymer / at feast one salt / 
water, and at least one polymer / at least one 
water-mtscible organic solvent / water.' The salt 

40 may be an inorganic or organic salt, which is 
soluble in water, tor example a sulphate, a phos- 
phate or a chloride, tor example magnesium sul- 
phate, potassium phosphate or sodium chloride. 
Examples of water-soluble organic solvents which 

*s can be used in aqueous two-phase systems in 
conjunction with the method according to the in- 
vention are propyl alcohol, glycerol, ethanol, ac- 
etone, and isopropyl alcohol. 

It is possible in some of the above systems to 

so convert the polymeric component of one phase to 
a solid form. When using cither systems, there can 
be used a third polymeric component which dis- 
solves in one of the two phases and can then be 
solidified. 
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In those instances where a third polymeric 
component ts present, there is chosen a two-phase 
system In which the major part of this component 
is partitioned "in the one phase. In addition, the 
polymer in the phase which incorporates the major 
part of said component is preferably physiologically 
innocuous when the end product is to be used for 
therapeutical purposes, since the aforesaid polymer 
will be present in the end product. 

The conversion of the droplets with the sub- 
stone© dissolved therein to a solid state in the 
method according to the invention can be effected 
with both physical and chemical methods, the 
method to be chosen being dependent on the 
nature of dissolved substance chosen. 

According to one embodiment of the method 
according to the invention a substance which is 
moderately soluble in water is used as a dissolved 
substance in the phase to be dispersed to the form 
of small droplets, and the droplets are soKrffied by 
removing water therefrom. 

Examples of substances which can be used in 
this respect are starch, agar, gelatin, pectin, coK 
tagen, carregeenan and fibrin. 

Water can be removed from the dispersed 
phase by^ disturbing me equilibrium of the .two- 
phase system, wherewith: the -system strivfe ;{p 
achieve a new equilibrium, fey transferrin water 
frqm 

which remoderate solubility in water present I n the 
^iapoTBed phase when the soliibility of the ?utx 
atance or substances, is ewceec^^ ; :>:^v^ : 

One way to achieve removal of water from the 
dispersed phase uprises the application bf 
< Wtethpds such as evaporation, ;«toy^^.ulWttr. , 

. . • v: „ •• v^;,uA; 

Gyaporaflon : jwcwses r |h&: $f*tim ^osmpfr: 
pally active stib^c^s: In ,'tfee eontinuocs phase r 
C^lyent evappr^on^ Jfo ceva*KW^ 

¥ effected he atmg the system while stir*; 
ring the same. If desired, the process can also be 
carried put at reduced pressure. 

When dialysis is utilized a concentration of 
osmotically active components is also taking place. 
To this end there is used a membrane which is 
permeable solely to water, which also allows the 
water content of the dispersed phase to be ac- 
curately controlled. 

The same result is achieved with ultrafiltration. 

Another way to achieve removal of water from 
the dispersed phase comprises the addition of sub- 
stances to the continuous phase, which results in 
the transfer of water to the dispersed phase, e.g. 
by osmosis. 

fvr example, when polyethylene glycol is the 
polymer in the continuous phase (the outer phase) 
further polyethylene glycol is primarily added 
thereto, this addition suitably being in the form of 



an aqueous solution having a higher polyethylene 
glycol content than the solution originally used for 
this phase. The addition, however, may also com- 
prise an aqueous solution of sodium chloride or 
s other osmosis-elevating salts of magnesium, zinc, 
and other metals. 

Subsequent to the formation of the particles in 
gel form, further water can be extracted from the 
gel particles by adding a water-rniscibte solvent. 

to such as ethanol and acetone. 

The two-phase system may also be prepared 
by dissolving each of the two polymers which are 
to enter their own particular phase separately in 
water, the concentration of the polymers In respeo 

75 live solutions being chosen so that when the solu- 
tions are stirred together to form an emulsion water 
will pass from the inner phase (the dispersed 
phase) to the outer phase. 

When practising this embodiment, polyethylene 

20 glycol is preferably used as the polyrh* in the 
• continuous phase, the average molecular weight - 
<ft w ) of the polyethylene glycol normally being 
chosen from the range 100-2 000 000 Dattons, 
The concentration chosen for the polymers in 

as the two phases is governed partly by me desire to 
form a two-phase liquid .System and parity by the 
desire to obtain a higf> polymer concentration in the,, 
dispersed phase, so that only a WhaJI aiikHjfit. of 
watet need be reropv# in order for the polymer 

90 particles to precipitate \i Suitable concentrations can 
be most readily established In each particular case 
by simple experimentation where both polymers 
• are dissolved in water. . :; 

In this respect, it is beneficial to establish i • 

as suitable <high) concentration for; the pblyrntfr which 
is to form the Inner phase to vary the concen- 
tration of the other po4ymer for achieving & two- 
phase system. ^ ■■ : : ■ • 
Generally^ 

40 v dance wtth lhe jweirtibn, the amburtt df polymer 
incorporated in the continuous phase shall be suffi- 
ciently high to provide a clearly defined two-phase 
system, and no advantage is gained by adding 
polymer over and above this amount 

45 According to another embodiment of the meth- 
od of the invention, methyl cellulose or one or 
more proteins is used as a substance dissolved in 
the dispersed phase, and the conversion of the 
droplets to sofid form is achieved by heating the 

so system. 

This embodiment is based on the bet that 
certain polymers phase-separate at temperatures 
above the theta-temperature. In this embodiment 
the polymer solution is dehydrated during the 
56 phase separation and the dispersed phase is 
precipitated as solid particles. 



SOOCID: <EP 0213903A2J. 



; +49 2 1 1 3020201 1 



0 213 303 



mJ*? 81 !. ! hB p0,ymer in the Aspersed phase is 
T T <** P ° lyfTier in *• c-«n u J 
™ for sample, polyvinylpyrrolidone, 

polyvinyl alcohol, hydroxypropyl dextran or dex- 

. The polymers are preferably dissolved sepa- 
rate^ and the separate solutions then mixed to- 
gether in a manner known per se while stirring, to 
form a dispersion. The temperature of the disper- 
se ,s then gradually raised until particles have 
formed or until the temperature approaches boiling 

rated by centrlfogation or filtration, which is prefeT- 

£££££ ^ 1" * " Bn "- to prevent 

^^luhon of the memytaellutose. whereafter the 
particles are dried. 

Iwn n^ b ° nC !" tra,ton8 01 '*» P 01 ^^ in the 
mgwes can be establish* by simple experi- 

22^112* ^Wasth^crS 
w# the embodiment In vmich the dtspsised phase' 

!» "* R ^ rner Jhedispersedphaae 
2TET "r 6 ".^ Protejrts, it is WnrAat 

KKSES** NflturaBy.this memod 

™*. «ch as dexban and polyvmyf afcoholS 
we^nt <M» of the polyethylene glycol used Is nor- 

SRT^ « 
To facilitate the tarnation of a two-phase sys- 
^r Ce ^ to US8 the ^tein^- 

WW -2 000 000 Dattons. Methyteelluto» Is another 
Polymer which can be used In this contact 

effected ST*'" ^ ****** 01 «* «■ 
^tedm a way analogously with that described 
wove with reference to methyiceilulose 

a rJ!^ 0r< ?T° 8 * ,rd "^"nwnt of the method 
joconftng to the invention a polymer whose eofeS- 

2eJ I hi * Pen<tent - temperature^ 

m^dr^lt 5 ^ SUbStanCe ' 8nd «^^fon of 
fte*optets to soM form is effected by cooling the 

phastT? ° f SUitebl6 P0,ymers in «■ Versed 
pectin ^ ■■«*• aetefin. 

P**n and carrageenaa The starch can be of 
™°us types and starch derivatives can also be 
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75 
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The polymer is dissolved in water at high tern- 
perature with regard to respective polymers, and to 

Generally speaking, the polymer used in the 
continuous phase may be any polymer capaSe oi 
forming a two-phase system with the polymer Z 
^ ^-Phase. provided that it does native n 

tfcted to changes in temperature. When the poly- 
merm me dispersed phase Is starch, the poiymi 
continuous Phase is primarily polyemylJe 
having the atoned average ™^ 

« hS^ 150 ^ i * ended «« continuous phase 
« dissolved separately arid the solution is brS 

SaTslhln^ 

bqned soiuhon to form a two-phase .systern in the 

cool, wherewith the POlymw iri the dtepe^ed phase 

^y^ecipitetesVV^n^ 

raajed room temperature.,^ particles are fej 

toed a.g. iby .filtrafion. OptteralhT a dohvdrJ^ 

agent such as ethahoi or aLone^ bVs£?£ 

*e copling mixture priorto «toation!^ " * 

oo according to the invention a polymer which 
P^^hydm^l groups and/or aff^u^S 
gmups ^containing the structure CH, = CH* Si 

„- a « d L 8SOlWBd ******* *** the droptete ^ 
solidified by a cross-finking reaction 

Polymers are pnmarily polysaccharides. The com- 

bonal cross-linking agents, such as a Wfuncflont, 
0 yceroi derivative, of the kind dWMowSSTS 

«epfflode. such as 1.2.3.4^epoxybutane for ex- 

pe^d r o ^ B r^ When * e «« dis- 

P^d Phase ,s dextran sulphate, the outer phase 
may compnse an aqueous solution of a salt whS 

°" Pha86 vrith dextran sulphaj 

Cross-linkmg can be effected by adding an ettu*»i 
solution of epicMorohydrin. ethano1 
Examples of polymer substances contain™ 
anjno groups for use wfth this embod^ me 
«««nhon are polypeptides, including orotainc 
oTm^r* ^ 68 ^^ wfthTaS 
awehyde or formaldehyde as the cross-Ung 
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pha^is^lS «" *• continuous 

pnaseis preferably polyethylene glycol 

The polymer for the continuous phase and th« 

^ZtoZ^ S8 ^'^ pre,! 
Z *J room temperahife. The solutions are (hen 
together white stirring to form a LTphaL 
system, m which the solution containing 
pepMe forms a dispersed phase. When the 
has devetopec an 

^ The cross-finKing reaction is nomW^ 
ISt ro T temperature, tt is also posslbte to 

not be heated to a temperature of such mao- 
. "ft"* as to destroy this activity ^ 
The resultant solid product is isolated by con- 
^eo^onsl methods, such as filtration, ancT Sen 

cnntSni!! 93 * P^^vexhibiting groups which 
«*» the structure CH, ... CH^r use in tS 

^PO^acc^des. such as acry.dextran, ^ 

tW.^STJS "'"^ Phase in 
JZLlSP"*: fe P»«fraWlf, Polyethyhme glycol . 
J^^mj^.welBhts as wtth & j£Zn. 

fnr #wT T wymers may also be contemoJated 

Swisses©*' 1,25 

^^^^^ ^ ^•eoiwd separately in water 
'"to the 0^,^. .^k^ at io™ IT 

me resultant particles are isolate in a cmvS^ 
•* by centritogati^i^^ 
-^onang to a fifth embodiment of the method 

dtesolved substance, and the droplets ^ «J! 
^•^^hych^-- 

ionte,J!T^2 pH * «W which can there- 



In this embodiment the polymer used in the 

^ 88 ^ 10 WiCh SC- 

2Z, ,£? JT** 1 Ph3Se 18 ^xymethyl- 
ce iulose. the continuous phase may comprise 
PO ypropylene glycol. nmhoxypolyemyU^S 
» K^eeST ^"Vlpyrroine^S 
SSl ^^^y^tose. or hydropLy, 

niay t» necessary to add an 
■ o^lo 8 ^;^^^ hydroxides 
provKte a pH at which the polymer will 

„ J 1 * P 01 ^ «"utlon tor the dispersed phase 

When the t«o-phase system has been formed 
* edded dropwise a dilute acid ZeraT™ 

^. . , ^ <*«u'«ea. au operations are preferably 
(anfedoiitatnwtenipwatu^ ^ waD,y 

^25? of the metfv 



od ^snivHi^r 7 wno ^ awn «TO of the m*tfv 

n-Moudkig to the invention a polymer which 
forms * sparinajy «i# .u. wWcfl 

■^rwwc coorrteriQn ts ,used, « a dissolved sub. 

mventan include electrically charged^J^ 

^^^^oneormoreofSrs 
«.be us^^ PteS 01 ^ «*ich 
SI STLSfS P0Ctn 8nd carTa ^. which 
STJX* more o* *e ions K*. Ca**, 

are T & L^ <,S 80lUfons ,or ms ^> Phases 
f» preferably prepared seoaratelv «J T«Z! 

S^aSS^!^ ^ to «hertSot 
wile stimng to form a dispersion. 
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S v fit !?T Uert t0 th9 f0rTnalion of me ^phase 
system there is added thereto an aqueous solutiS 

^,7*"' •* containing the ion whch 
forma a sparingly soluble salt with the polymer in 
*e dispersed phase. When the ion in quesL L a 
<on. the salt used is normally a chloride 
prov,ded that it is soluble in water ' 

k^J 116 PartiClBS lormed ^ isolated in a conven- 
IZoT"' ** -"»* * Nation* 

According to a seventh embodiment of the 
aCCOrdin9 to the '"vantton at .east ont 

S^'?i!F. iMh ? ,BM> which react with 

wo^hape system. w 

^ pcrtyni^ primarily contemplated for use to 
Jo conhnupus phase is poIyetn^^S * 
(average molecular weight as^toovej- 

A solution of one of the commnont, „« „ 
J*-**--" and a sol^nTm* XIS 

whereafter the two solutions are brought toSer 

£**Sd s r «: e = « 

addSSST * fcM *r*» *P«8lon there Is 

So" ' ^ eXSmPte by <™tnTugation or 

these operations are advantageously canted 
out at room temperatures. y C8med 

m J^° rding to m al 9 m embodiment of the 
^^n 9 to the invention, the droplet 1 
«^ertedto «,Hd form by splfttmg-off hydrophific 

^">pSo 
suDsmuents tnto the dissolved substance 

In principle, this embodiment is earned out bv 
*sso,v, ng the polymers of the two phases l a - 
2; W ^ r *« "n-nging the^o so,S s 
together, whrfe stirring to form a dispersion. Wh Gn 



thLtT'' 0 " h3S ^ fom,ed *"» « added 

SSoTL aqueous S0Mion of *• ch «^ 

reagent or the enaym which produces the structural 
*ange of the polymer in the dispersed 
s form a water-insoluble substance Tto . 
muta solid is isolated ht^-TS 
oer. for example by conjugation or filtration^ 

The particle size of the solid particles obtained 
can be controlled in all of the aforesaid enW 

sfinfog with varying intensifies or by s^ «nn 
suitable viscosities for the various in t2 

case of the system po.yethy.ene g.ycTLch £ 
parte*, size can also be regulated bVLta^^! 

!* accordance with a ether as^JtL 

S 9 :f**^^nyerting the droplete tea • 
soKd form find - which preferably are 

sojved substances fo the Ute " 
enctasad ' ^ , {Wp W ed Phase and be 

enotos^ or entrapped Jn me particles as th£ 

» jL^^r^'*^ «M or- 
ganelles, solid particles or small on droplets can hi 

tete form or m the form of an emulsion droplet Hw» 

STS Sh8 " °* the po,ymer « a«oSce 
wrth the .nvention. is intended to be conS*^ a 

'o^mg potymer by oovatant or Ion bn»<J ir~ 

as example madiearJL, fonn of. for 

^n>pie. medtcaments. vaccines or insecticides 
When encapsulating heat-sensitive subsZ«T c 
substances shouW not. of course. TSS^Z 
harmful temperatures. to 
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™«ZZ£ * a number - 

EXAMPLE 1 

Preparation of spherical particles of starch 

« SS T disSO,ved in « * of 
J" M C. to form a first solution which was 

wTSLlr" ,9mpGrature - A second »luS 

^1"" ~ ^ 71,8 *»*" Motion was then 
™? t0f0rm 80 wnu «sion- When the two- 
Ph«e system had formed, the osrnolarity of 
outer Phase was increased by *Utog7Z2?% 
10 8 of polyethylene glycol in 40 ml water - 
p^tTl^ ^P'^nS the addition of 

nToT^Zf ST?' 0ffandthen slurried in too 
% H * rua8S "ere laid out to dry in «ir. Yield 90 



EXAMPLE 2 

'*^»f^ * *^ pMctes of rnethylceljulose 
vi iff •^EE" f ^ 9pawd *«3 B oi meth- 
aextran < H m * 70 000) in 47 ml of water at 

dextrBn solution while sttnino to 
S When the two-phase mSw 

-<** the methyicelldlose soluttoT^hf^ 
ohasal hurt :T wnoB jas the mner 

OWfWlly raised to 60'C over a nari^^Til 
minutes. When *is te^^ f 

nMj rf water heated to a temperature of 60»C were 
men added, whereafter the particles «JT Z. 7 
oflanddriftri in » w • . Piracies were fittered- 
oned in a drying cabinet at 60«C. 

^ yield was 85%. 



to 



IS 



70 



h a manner analogous with Example 2 toe two 

farmed by heating, whereafter the particleTwS 
isolated and dried. Parocies were 

As an alternative, particles can be orodueari 
EXAMPLE 4 

The preparation of spherical particles of starch 

5 0 potato starch were dissolved in as mi ^ 
^ from 3 g of polyethylene glycol (n « 

vuhJ^TL-^T st,rrmfl ' to forni an emulsion 

™ * room temperaoire and slurried in inn 

hereafter the p^TJ 
off and laid to dry in afr^^ W filtered 



*> ThoyfeB W as 9 0%. 
EXAMPLE 5 



9$ 



^J^^ * spacer partfc^ 



of car- 



EXAMPLE 3 

The preparation of spherical particles of albumin 

vinfl A ^ st spared from 1 0 of bo- 

vine serum albumin and s mi ^ ' y 
saennH e«i / 5 ml ^ water, and a 

peraLre. and 20 ml of water at room tern- 



so 



5$ 



wcono solution was preoarad fmm « ^ r 
ytene glycol (R . fSoT J? 01 ^ 
The Mkfu*#fcJ^ . 8,10 45 ml °* water 

rT^ 011 Vl ^wweafter the warm carraaeeran «n- 
The yield was 05%. 
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EXAMPLE 6 

DabkTnf , !1 9raups ' thes * latter being ca- 

Si t". 961 For *• P^«ten of 
no r ^Tr Edman at aL J " *harm.Sci. §g 
no. 7 7980). A second solution was prepared from 

?i^L2? aCry ', deXtn,n «**" w added 
iWTSL^ 1 ^^.at.roomjem- 
ZSZZZ T 9 ' 10 fann 3 *N»i Whan 

SSSS*^***-*" then added. This 

was allowed to proceed for 15 minutes Tte 
gg^fittered off upon 2 



10 
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EXAMPLE 8 

° f «^ « calcium 

A first solution was prepared by dtesolvino 2 Q 
of sodmrn alginate in 48 ml of water aTa sJL J 
eoluHon ,by dissolving 2 g „ sodium C hSide ^1 

water. The algmate solution was added to the I! 
e^ene g IycoI soIotfon at fMm ^e 

£2 1^ a ? emutei °"- When the two-ptsa 

dropwise to the system wh^t • dd6d 
was mm,~^ *r 5W «V wherewith the irmer. phase 

? 10 parttele W ^elhusobSS 



They<eJdwas85%, 



25 



EXAMPLE 9 



The Weld was! 95.56: 
EXAMPLE 7 

2 PreP3rati0n 01 sph9rio » Particles of algWc 

inner ^S^N^w^ 

acid^il^L^! ^ ft8nt particbs <* alginfc 
«ao were isolated by filtration. Drying was carried 
«* in a corresponding manner to SampLTS 
aturrymg in ethanol. filtration and air-d^g ' by 

"Hie yield was 85 %. 



^P^parafion of spherical parBcels of pectin getC 
o J^t*^™ m by dissolvino as 

col solution^* ™J?<* to tha PO'yathylene gly- 

Phase) 5 ml of i M Ca0^^ a ?^ e J nner 
wherewith the im.er 

Panics form. The thus^n^ panT^Hf ^ 
40 gel were solateri k« eiw*.- H uwe5 or Pram 
cabinet at fiftrat, ° n drying 

The yield was 85 %. 

45 

EXAMPLE 10 

The preparation of spherical particles of fibrin 
M oM l*^ 8oMionwas P'«ParedbydissolvinaO^ 

water. The fibrinogen soluSon wT^-f. ^ 
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ous solut.cn of thrombin, wherewith the inner phase 
^ converted to a fibrin gel. The th os obtain^ 
parties were dehydrated with ethanol and isSed 
by filtration or centrifugation. 

Claims 

" produci "9 smaB spherical pdy- 

partctes from svstems ^ £J 

Ptees. the one phase of which conLs onTor 
* ssoh ^ substances and is dispersed^ 
torn, of small droplets in the other p3 to f cZ 
ST"*™- *~ * the drep^^^ 
characterized by using two mutual 
misabte aqueous phases as the liquid pnases 
Z. A method according to Claim 1, character- 

Pfwea wbstence winch has a moderate solubility 
^l! Busino *• drop,e,s to «*«y by 

amoving water from the same. 

3. A method according to Claim 1. character- 
by using as a dissolved substance in «U«L 
Phase methyiceButose or one or ~ 
bv or one or more proteins, and 

I* CGnwefsi0 " «f the droplets toa 
solid form by heating the system. 

4 A method according to Claim 1. character, 
■a* by using as a dissolved substance WoS^ 

d T' t ! , °^ »» ,in 0>«» system. ^ 

s. A method according to Ctajm i. chamcter- . 
!2* "!*B « » ^^P^dsub^co 

•ftetog th* conversion of ^ OmpiW to a soS 
form by means of a. crossing reacltoo. 



6^ A method according to Claim 1. character- 
•ad by us,ng as a dis80lved subs1ance 

whose solubifity is greatly dependent on JfcS 
s ^lirtf conv «« i on of the droplets toa 

5 form by altering the pH-vaJuo of the dispersed 

phase. 

7_A method according to Claim 1. character- 

which forms a spanngly soluble salt with a counte,- 

ecting the conversion of the droplets to a solid 
tom, by adding such counter-ion to the system 
B. A method according to Claim 1. character- 
is 8 diSSOtVed at 

^^rtutes a component in a s ys - 
teasttwo substances which react 
J^hw to form a conjugate or complex which is 

» Ua?^ . rt «»*»PtetstoasolidfonnwiS 
T com ^ n ^ «n said system. 

«ed m that me conversion of the droplets to a solid 
Seri Mmphilic 

^^li nbW *^ bydmphobfc sub- 
smuents mto the dissolved substance. 

10. A method according to any of the oreced- 
PrefowWy rnacmmotoculsr substances 

I* ~*T d and enclosed or entrapped in 

■j-jo*. ceM-organs Of solid particle* « ^ 
„ ^ dl 2** « '"'Verwl in the dispensed phase 
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